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Abstract 
Compound semiconductors provide a large range of materials with varying band gaps for application in devices. 
Usually these devices are made in the form of thin films, whose crystalline quality and stoichiometry play a pivotal 
role in the stability and the performing characteristics of the device. Vacuum deposition of thin films is the most 
popular and dependable method of preparing thin films. However, it is a general problem that the compound 
semiconductors thermally dissociate into their constituent components during evaporation.  
To overcome this difficulty, we optimize a method, wherein good quality films of sulphide semiconductors 
were grown by using a low ambient H2S atmosphere inside the vacuum chamber while thermally evaporating the 
sulphide semiconductor materials. The substrate was kept at an elevated temperature, which was high enough for the 
dissociated sulphur ions to be ejected from the substrate while the dissociated metallic cations quickly combined 
with the highly reactive H2S molecules to get deposited as sulphide molecules. Such films naturally had better 
stiochiometric ratio, better crystallinity, and had less structural defects. Such films were remarkably pin hole free 
and had better adhistivity with the substrates. Such films would be inherently more suitable for any electro-optical 
devices. © 2009 Published by Elsevier B.V. 
PACS: 61.46.Hk; 66.30.-h; 68.37.-d 
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Introduction:
II-VI sulphide semiconductors are of considerable interest for their efficient use in the fabrication 
of solid state devices. Cadmium sulphide (CdS) is a very useful opto-electronic [1,2], piezo-electric [3,4] 
and semi-conducting material. Thin films of CdS are of considerable interest for their efficient use in the 
fabrication of solar cells [5,6]. Thin films of CdS have been prepared by different techniques including 
sputtering [7], laser deposition [8], electro deposition [9], screen printing [10], physical vapor deposition 
[11], spray pyrolysis [12], molecular beam epitaxy [13], and chemical bath deposition [14].  
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  ZnS is a II-VI group semiconductor material with a large direct band gap and due to its high bulk 
refractive index (n589=2.36) and lack of absorption in the visible and near IR region, is a convenient 
material for photonic applications such as in blue light emitting diodes [15] and other optoelectronics 
devices such as electroluminescent display [16], cathodoluminescent display and multilayer dielectric 
filters [17,18]. ZnS has become a commercially viable material in nano-powder, when prepared in the 
forms of nanostructures like: bi-crystals nanoribbons [19], nanobelts [20] and electroluminescent thin 
films [21].Recently, ZnS thin films have been prepared by different workers using various techniques 
such as vacuum evaporation [22], screen printing [23], chemical vapor deposition [24], atomic layer 
deposition [25],and chemical bath deposition [26].  
 Vacuum deposition of thin films is the most popular and dependable method of preparing thin 
films. However, it is a general problem that the compound semiconductors thermally dissociate into their 
constituent components during evaporation. To overcome the problem of dissociation during evaporation, 
the films of sulphide semiconductors were grown by using a low ambient H2S atmosphere inside the 
vacuum chamber while thermally evaporating the sulphide semiconductor materials. The substrate was 
kept at an elevated temperature, which was high enough for the dissociated sulphur ions to be ejected 
from the substrate while the dissociated metallic cations quickly combined with the highly reactive H2S
molecules to get deposited as sulphide molecules. 
In this paper, we report alternative preparation method of sulphide semiconductors films, using vacuum 
evaporation deposition in H2S ambient and have studied the effect of ambient 
hydrogen sulfide on the physical and optical properties of these films.  
Experimental procedure: 
In this present study, stoichiometric thin films of sulphide semiconductors (CdS & ZnS) were 
prepared by vacuum deposition technique. The technique deals with the deposition of sulphide 
semiconductors in a controlled H2S ambient atmosphere. The compensation the sulphur deficiency has 
done by exposing the film to a hydrogen sulphide (H2S) ambient atmosphere during deposition. The 
higher reactivity of hydrogen sulphide will ensure a better conversion of the dissociated cations (Cd/Zn 
ions) into compound sulphide semiconductors (CdS/ZnS) and also will not produce any excess of 
sulphure at the substrate. From the point of view vacuum evaporation, the thermal decomposition of 
thiourea [CS(NH2)2] is a convenient source of hydrogen sulphide (H2S) which is controlled by regulating 
the temperature at the electrically heated borocil test tube in the evaporation chamber. Summarize Flow 
Diagram of Vacuum Deposition of Stochiometric Sulphide Semiconductor Films is shown in Fig. 1. 
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Fig. (1): Flow Diagram of Vacuum Deposition of Stochiometric Sulphide Semiconductor Films 
 The film thickness was measured with a profilometer. The optical transmission and 
absorption spectra of the films on glass substrates were recorded at room temperature with the help of 
“Hitachi spectrophotometer model U-3400”. In this spectrometer all the lenses were replaces with the 
mirrors to eliminate any image deviation due to chromatic aberration in the wavelength range 187-2600 
nm. The PbS detector was used for the detection of infra-red rays. The visible wavelength light source 
was a long life WL lamp.  
Results and discussion:  
Optical properties of films both with and without H2S atmosphere were studied with the help of 
absorption and transmission spectra [22, 27]. The optical absorption spectra of vacuum evaporated films 
(with and without H2S atmosphere) in the wavelength range 300-450 nm are shown in Fig. (2). It is 
clearly seen from the spectra that the films deposited in H2S ambient atmosphere has sharp more 
absorption and the absorption edge shifts towards the lower wavelength, this shifts towards the lower 
wavelength indicates the increase of optical band gap.  
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Fig. (2): Absorption spectra of vacuum deposited (a) ZnS and  (b) CdS thin films 
 The sharpness of the absorption spectra of sulphide (ZnS & CdS) films with low ambient 
atmosphere of H2S as shown in Fig. 2 shows that the films deposited with H2S atmosphere have better 
crystallinity compared to the films deposited without H2S atmosphere.   
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Fig. (3): Transmission spectra of vacuum deposited (a) ZnS and  (b) CdS  thin films. 
 The optical transmittance spectra of as-deposited sulphide films deposited with H2S ambient 
atmosphere in the shown in Fig. (3). It can be seen that films produced in H2S, with the good transparency 
of about 80% in the visible region, have somewhat steeper absorption edge than as-grown films, implying 
the good homogeneity in the distribution of the composition for the former.  
Conclusion
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Good quality films of cadmium sulphide and zinc sulphide were deposited by using a low ambient H2S
atmosphere inside the vacuum chamber while thermally evaporating the sulphide semiconductor materials. 
It is found that films deposited in a low ambient atmosphere of H2S had better stiochiometric ratio, better 
crystallinity and had less structural defects. Such films are remarkably pin hole free, had better adhistivity 
with the substrates and would be inherently more suitable for any electro-optical devices.  
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